Explanatory models for eating disorders have changed over time to account for changing clinical presentations. The transdiagnostic model evolved from the maintenance model, which provided the framework for cognitive behavioural therapy for bulimia nervosa. However, for many individuals (especially those at the extreme ends of the weight spectrum), this account does not fully fit.
| INTRODUCTION
Current treatments for bulimia nervosa (BN) and binge eating disorder (BED) are only moderately effective, with 30 to 50% of individuals achieving complete abstinence from binge eating at the end of treatment 1 and a 68% remission rate at 9-year follow-up. 2 This suggests that the transdiagnostic model that underpins cognitive behavioural therapy may require modification to accommodate the diverse eating patterns and weight across the eating disorder spectrum. Eating behaviour has been relatively neglected, 3 but the concept of food addiction has brought it into the foreground. [4] [5] [6] [7] [8] Nonetheless, the concept of food addiction is controversial, [9] [10] [11] [12] in part due to the different levels of description being used. For example, the Yale Food Addiction Scale 13 examines behaviours and subjective reports, while the focus of other studies has been on underpinning mechanisms. 14, 15 Some of the controversy may stem from semantics: Does addiction imply a set of behaviours, or a form of neuroadaptation within hedonic circuits, or an underlying disease process? 16 If we step aside from the linguistic term "addiction," with all the stigma and social implications it may carry, and instead focus on the function that related processes serve, this conceptualization may prove a useful frame for work within the field. Targeting the maintenance factors underpinned by addiction-related neural processes may enhance our ability to prevent and treat these disorders, which lead to misery and disability in many domains. 17, 18 In the following account, we suggest an update to the model of BED and BN, which incorporates some of the new evidence that is emerging. First, we consider the profound changes in the epidemiology of eating disorders over the last 50 years.
| EPIDEMIOLOGY
An increasing number of people received a diagnosis for BN in the UK in the 80s 19, 20 and BED in the new millennium. 21 Possible new forms of eating disorders such as orthorexia nervosa 17, 18 and diabulimia 22 have been described more recently. This increase in eating disorders parallels the worldwide increase in the prevalence of obesity. 23 There are several explanations for this rapid increase in eating and weight problems, including changes to the food environment and associated novel interactions with individual vulnerabilities.
In the west, in particular, the evolving food environment has changed what and how we eat. 16 Foods have been modified to become more accessible, cheap, and palatable, while nutrients have been ultraprocessed and/or purified. 17 Food now requires little effort to procure and prepare and is therefore less bound within social processes. At the same time, the relevance of food and eating to health and body image has become a dominant discourse. Fatness is stigmatized, 24,25 "fat talk" is associated with body dissatisfaction 26 and abnormal eating practices, 27 while thinness and muscularity are valued as the ideal body form. 28 What is the evidence that these changes in the food environment could lead to changes in eating behaviours?
2.1 | Proof of concept animal models: Changes in the food environment as risk factors for binge eating disorder
Animal studies have demonstrated proof of the concept that manipulations of the food environment can produce "binge eating." Putative risk factors including a period of undernutrition, followed by the intermittent addition of palatable food (high sugar and fat combinations) and stress (particularly social stress), have been shown to lead to "binge eating." [29] [30] [31] Interestingly, animals exposed to this food schedule exhibit signs of food addiction, such as physical withdrawal symptoms, when intermittent palatable sucrose intake is followed by administration of an opioid antagonist. 14 These animals are also more vulnerable to developing other addictive behaviours. [32] [33] [34] Moreover, deeper examination of the hedonic circuits involved has shown neuroadaptive changes in dopamine and opiate neurons. 35, 36 This is of interest as the mechanisms underpinning substance abuse are also thought to involve "hijacking" of normal hedonic processes. 16 One theory of addiction processes is that aspects of the pharmacology (more potent agents) or the pharmacokinetics (eg, rapid rate of change in levels of a psychoactive chemical) lead to greater activation and sensitization in "wanting" component of the hedonic system. 37 In turn, this leads to secondary neuroadaptive changes, 38 including the downregulation of dopamine and opioid receptors. As tolerance develops along with persistent and increasing craving for the substance, individuals engage in particular behaviours to restore hedonic balance. "Addictive behaviours" are considered out of control and shameful activities and are therefore often carried out in solitude. The repeated occurrence of these behaviours therefore results in a shift in the overall balance between positive and negative affects, thereby increasing the desire for further activation of the hedonic system. 16, 39 This can lead to the development of a vicious circle of behaviour, where susceptibility is potentially moderated by gender. 40 
| THE CONCEPT OF FOOD ADDICTION
It follows from this model that certain foods may have an addictive potential because of a similar change in the "pharmacokinetics" of glucose and possibly fat metabolism. For example, foods with a high glycaemic load have the potential to cause greater fluxes in blood glucose. A survey examining the addictive potential of different foods found that technologically processed foods with added refined carbohydrate and fat and/or with a higher glycaemic load were most implicated. 41 Support for this concept comes from an experimental study in men that found that foods with a high glycaemic load led to greater postmeal changes in
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hunger and activation of reward circuits. 42 Previous evidence has demonstrated individual variation in susceptibility to this effect. 43 For example, insulin resistance or insulin omission (a key behaviour in "diabulimia") might enhance an individual's potential to develop a cycle of addictive food consumption because of the wider swings in blood sugar. The same explanation may explain the similar effects of self-induced vomiting. These physiological processes may account for the higher risk of developing an eating disorder in type 1 diabetes 44 and may also explain that higher levels of binge-purge behaviours in eating disorders worsen prognosis and increase treatment dropout. 45, 46 3.1 | What is the evidence for similarity in brain circuits between binge eating disorder and substance abuse disorders?
Recurrent binge eating of foods high in fat and sugar has been associated with desensitization of opioid and dopamine receptors. 14, 15 This pattern mimics the neural underpinning of tolerance and dependence observed in substance use disorders. 47 Indeed, Broft and colleagues have similarly reported a lower level of dopamine binding in the striatal region for individuals with BN. 48 Furthermore, they found that lower levels of dopamine binding were correlated with greater severity of bulimic symptoms. 48 It is also notable that common neural substrates appear to be relevant in supporting both substance disorders and binge-type eating disorders. [49] [50] [51] The ventral tegmental area and nucleus accumbens play important roles in the processing of reward and maintenance of addictions 49 Specifically, it has been shown that cocaine use results in the initial potentiation of synapses within the ventral tegmental area, 51 which gradually leads to neuroplastic changes within the dorsal striatum 52 (in a path acting via the nucleus accumbens). 51 These changes in the dorsal striatum subsequently consolidate the compulsive nature of the addiction over time. The ventral tegmental area and nucleus accumbens are also highly involved in the processing of taste reward 49 and, as cited above, reduced dopamine binding in these same regions of the striatum has been noted in BN 48, 53 as well as obesity 54 (as is also seen in individuals with drug addictions). 54 Corresponding with these findings, Gearhardt and colleagues have previously investigated individuals high in food addiction and found that the pattern of neural activation in response to food cues bears similarity to that observed in individuals with substance disorders in response to drug cues. 55 It is interesting to note that these similarities in neural circuits underpinning reward processing are also accompanied by similarities in general neuropsychological traits. Voon used a paradigm that measured aspects of risk taking (valence, probability, and value) and found similarities between people with BEDs and substance abuse, who both favoured greater risk taking than healthy controls when anticipating rewards. 56 In the loss domain, however, there were some differences, indicating that individuals with BED may not be quite as prone to risk taking when faced with a high probability of loss. Similar findings were obtained when obesity, substance-related disorders and behavioural addictions were compared on decision-making tasks. 57 It has been argued that BED and addiction are 2 clusters of 1 disorder, with impulsivity and compulsivity as transdiagnostic traits. 50, 58, 59 Compulsive patterns of behaviour, generally, are believed to be underpinned by anomalies in circuits relating to reward and punishment (particularly among striato-thalamo-cortical circuits 60 ).
| Building models for understanding bulimia nervosa and binge eating disorder
Fairburn developed a maintenance model for BN in 1981, forming the basis of cognitive behavioural treatment.
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This was later adapted into the transdiagnostic model, designed to apply to all forms of eating disorder. 62 In these earlier models, the biology and behaviour related to eating and appetite had been largely ignored. 3 However, a simple transdiagnostic formulation cannot easily account for the divergent pattern of eating behaviour and weight between restrictive anorexia nervosa (AN) and BED. Explanatory models for restrictive AN (low appetite and aversion to satiety) and both BN and BED (high appetite and weak satiation) need to account for these differences in the domain of appetitive traits. The behavioural susceptibility theory has gone some way toward addressing differences between restrictive AN and BN/BED, as it suggests that eating behaviours lie on a continuum. 63, 64 The behavioural susceptibility theory was built upon evidence from precision phenotyping of appetite in large longitudinal studies. [63] [64] [65] These studies have shown that the variation in appetite is measurable from birth, is highly heritable, and that "food-approach" traits (greater appetite for food) predispose individuals to obesity. 64 Conversely, "food-avoidance" traits, including poorer appetite and a stronger predisposition to satiety, predispose individuals to being underweight. 64 It is possible that this dissimilarity relates to variants of the FTO gene, which has been associated with AN, BN, and binge eating. 66, 67 This hypothesis is supported by genome-wide association studies and case-control studies indicating that single nucleotide polymorphisms in the FTO gene (including at rs9930506 and rs9939609) are associated with increased body mass index in European American, Hispanic American, British, and Japanese populations. [68] [69] [70] Furthermore, lab studies have indicated that the A allele at rs9939609 within the FTO gene is associated with significantly greater food intake in test meals. 71, 72 Thus, there may be biological factors that predispose to the various forms of eating disorders, with the greatest contrasts between BEDs and restricting AN. New findings from genetic studies suggest that both psychological and somatic aspects may need to feature in our models of eating disorders. 73 One example of this is the disordered eating food addiction nutrition guide, 74 which uses 2 dimensions, weight and predisposition, as a means of categorizing the different forms of eating disorders.
We have developed a maintenance model for BED and BN (Figure 1 ), which translates findings from animal studies and builds upon evidence for the theories described above. This differs from the earlier models by including differences in appetitive traits (ie, the balance between reward and punishment sensitivity) and aspects of executive function (such as impulsivity), while also considering neuroadaptive changes. The 5 primary maintenance factors proposed within this model are as follows:
(1) The salience of food reward is increased due to a predisposing susceptibility. This susceptibility to food addiction reaches the full phenotype following strict dieting behaviour, which further increases the incentive salience of food cues. 75 (2) The likelihood of food addiction is further increased within the context of chronic stress and problems with interpersonal relationships, which result in a paucity of other sources of reward. (3) The Western food environment fosters the intermittent consumption of palatable foods with a high glycaemic index in large quantities. Traits of impulsivity and difficulties in delaying action towards rewards can exaggerate susceptibilities to these triggers. (4) Processed foods with added fat and refined carbohydrates produce wide fluxes in blood glucose. These swings in blood sugar can be accentuated by purging behaviours and a lack of, or resistance to, the effects of insulin. (5) In turn, these gradients in blood glucose alter the pattern of dopamine firing. 42 It is thought that these changes in dopamine activity lead to neuroadaptation and the formation of a habitual pattern of behaviour, whereby the drive to eat is no longer dependent on the goal to reduce hunger and is rather triggered by food cues in the environment. Eating behaviour becomes compulsive, 76, 77 and a vicious circle is set in motion. This model can be used as a framework for treatment (Figure 1 ).
| IMPLICATIONS FOR TREATMENT
This updated model for binge eating suggests there is potential for adaptations to the traditional treatment approaches. Specifically, we identify 5 potential maintaining mechanisms within the updated model that provide potential targets for treatment within the domains of psychotherapy and nutrition guidance (presented in Figure 2 ). These treatment targets are as follows:
• Target 1: An important maintenance factor within the model is the large amount of glucose flux induced by the intermittent consumption of foods with a high glycaemic index. A major difference in the updated model would be the recommendation to avoid and abstain from technologically modified foods that trigger overeating or to manage them in a way that reduces harm 74 rather than encouraging an absolute "no dieting approach." • Target 2: Another mechanism that promotes the maladaptive neuroadaptation is the limitation and restriction of all forms of food. While individuals would be recommended to avoid highly processed foods, treatment based on this new model would continue to discourage individuals from restricting healthy foods, to prevent them from reaching a state of semi-starvation.
• Target 3: To counteract habit formation that entrenches stimulus response association between food cues and eating, another addition may be to add treatments, which target impulsivity and habitual patterns of responding. Pilot studies for computerized approaches such as stop signal and go/no-go training have potential. [78] [79] [80] [81] [82] Moreover, research in progress using these computerized approaches, as well as virtual reality cue exposure 83 and emotional regulation video game training 84 are being modified to become more accessible, more rewarding, and more personalized. 85 The updated model also opens up the possibility for new pharmacological treatments targeting the sensitization to food cues, while preventing receptor tolerance triggered by binge eating. For example, Lisdexamphetamine, which targets dopamine systems in BED, is already available in the United States. 86, 87 Work is in progress to further examine drugs that act on the opiate system 88 and the impact of oxytocin [89] [90] [91] (which is known to interact with the opiate system).
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• Target 4: Binge eating is partially maintained, following a negative reinforcement model, by high levels of stress and reward seeking that is not satisfied in other domains of life. The model therefore highlights the importance of developing positive anxiety managements and coping mechanisms. It is also beneficial to support positive social connections and identify sources of meaning in other areas of life.
• Target 5: Maladaptive compensatory behaviours, such as vomiting and insulin omission, further contribute to the large swings in blood glucose that maintain the disorder. Psychoeducation and supporting the development of coping mechanisms to deter these behaviours are therefore also recommended.
| SUGGESTIONS FOR FUTURE RESEARCH
While the body of evidence described above currently provides a sound basis for this updated model of binge eating behaviour, our understanding of and ability to effectively treat BN and BED would benefit from further research in a number of areas. These suggestions are summarized in Table 1 . We recommend future research continue to refine our understanding of the "food approach" phenotype. Future work specifically identifying the profiles of traits that are most closely linked to the development of recurring binge eating behaviour would be particularly beneficial in elaborating upon the currently proposed model, to further clarify links between traits, environmental cues, thoughts, and disordered eating behaviour. Clarifying which food avoidance traits are most relevant to the onset and maintenance of AN would be similarly useful for the field.
Based on the recognition of neural similarities between substance addiction and binge eating in the proposed model, we would further encourage future research to draw inspiration from interventions previously developed within the addiction sciences and investigate their relevance and effectiveness for curbing binge eating behaviour. • What are the most relevant "food approach traits" determining susceptibility to bulimia nervosa or binge eating disorder?
• What are the most relevant "food avoidance traits" to that increase risk for anorexia nervosa?
• What programmes of behavioural intervention would be most effective for breaking automatic stimulus-response associations in bulimia nervosa and binge eating disorder?
• What pharmacological treatments would be effective in curbing recurrent binge eating behaviour?
Finally, further research into pharmacological and hormonal treatments that prevent the sensitization to binge cues and/or reduce receptor tolerance to the "liking" of food stimuli is warranted based on the current model. Relevant research into the potential therapeutic effects of oxytocin and opioid antagonists for binge eating is currently underway; however, research into pharmacological treatments for eating disorders is still nascent and would benefit from further investigation.
| CONCLUSION
We have argued from the impressive evidence from clinical and preclinical science that it is time to put eating behaviour into a central place in models of eating disorders. Changes in the food environment interacting with individual vulnerability are recognized to be key predisposing risk factors. However, neuroadaptive changes in reward circuits are thought to maintain these disorders. The next step is to develop the evidence for interventions targeting these risk and maintenance factors, with the hope of reversing the increasing prevalence of these problems.
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